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l^TMAWM CITMB 
Ffc 3fo3 
«spl#s -ffif jMmmm 
gtat« li^wy -ac«t,s®ioa, m. ia kigiwij 
wr© bj s f^ei-al wit& 
ttee purpose -of «l@teisiaiag tk»lj? sia^alogioal 0«mstl,tuti©a» 
Altlifiiftgh tii# t^eri&ls -ar-e mmTlf BimUm as far as 
staiitairdi2#i laMrato^y tests &Tm e«fae®ra©t, -<ja« 
a stefel# ki^mj tmm,M%%m wJhiis tlie ©tHer giws 
e®iisli®MiJle dlfrlenlty, t:aaslag tJie slab t© bm©l:i« aai, 
iip» tteli ©mstastim r®¥«ais-€ tfeat tM mterlals Alffer- i^ 
is tl0ir rmlmttm. t© « bm&w ose tj©ing l«at#d 
S^eiiately abOTO, aai ti..-e ot^ ef tea fe#t ab&T® t&© 
gistoetll* saiapl#g wm  ^ fyaatioaatet bf a«4tia®iitatloa 
.€b4 bj a .l-fay, ©ptiealj eat ©feeaieal sttiflies 
ia.0l«di.ag bas®-ex©iiaiig# i@t«3Jaiati®Bd '«®r® ia4e oa ©aefe of 
tlie eollsiaai s#parates oltfelm©4» Tli© result tMt 
©a@ of til# ®aiaples @@ata,iB.@ as Its priaeijal ®lay .siaexal, 
®0a"te0rllX©ait-s.^ wliil® tM® mntmlmm mixtwt&-B of 
laallait© amfi illit©« lfi4®as© f^ iats ta %im e«aelmsl«a 
t&at liigj*y ea-gia€®3fs iK»t iat0 edEsider-atioa bo'tb tb# 
gft©l©gieal fositl#as tii« «terials to l»a as.©a in smbip'atos 
a.at tii#i,r <ilaj ulsaral eeateBt* 
Hlgh*F ®iigia©@rs toT© fcmd fros ©i$©rl®a#.® that 
ee t^aia soils» smbs&lXa,. ast soil par®at materials 
b®liam fiift©3*@atly la tli« ,sa1bsrai.-@s &t TOate, s«@ ar® 
stabl© as foimtatioms, ^«-#as ©tliew eamae tli© roed tcs 
biiekle aad trais po©rlf» tbe staadart lii.gtoway laboratoi^ y 
tests fail to distiagfiiisM betwena tli«s@ mterials, f&r tli®ir 
properties tlie eagia©®r*s staaipoiiit are rmrj s.iiiila,r. 
sli^ t differtne#® ttmt d© #eemr BtaTe t^ t}#«a ©onsiderei 
dla@ao®ti#» Xt was witM tli# p«rp©se #f iisGO^ssiag soae 
©i5>laaati<sa ©f tli© 41ff®r©Bee ia belMTior of ttt©se aatefials 
tMt tlie f©llowifig werk «s aa4#rtal:©a«. leeaat wmk ia 
clay aiacralogy imiieat## tlie pesiibility ©f applying Imow* 
lefige ©f tim olay miaeral e#aatitia@ats to fraetiaal prol>~ 
lems this mat®© |i)* 
fmo samples J wliioli. wmm as mmh alike in p&jsis-al 
properti#® as it ms possible to ©bteim but dittrnrmt as 
3?©garis hmtmti&T in thw sutjgradej mmm @©l©ote4 tm study 
by X.# If# W0Oi of til© Io« St&t« Hi^ way :0«»issi©»» It 
ms a,'©0ii«d to iiiv©sti®at@ tte©,s® tw© saafles as aeiBpl©t©l:f 
as fossilil© in mMT to 4et©3Esia« tltir aimea^elogioal 
Qhrnrntmr sigaifisast -tiff©»»® in, t£i©i:r mim^TOl-
«gi«a3. X«rar, ©ftisalj. an-ft §k«ieal 
tuslMiag wmw® sgt©«* 
ga i^© iSiB, ©f tli« Mtsrial thmt mmsm tTmhls in 
til# @0asists ©-f a mm^mitm &mtlQm froa 12 to 
15 f@#t; isep taken from feraMil Soaatr, J?Offa |SI# i 11# f ; 
get©.. f* 83 B« s 1% It W*.| « fie aattrial is graj lOi^ as, 
allg&tly witti ij-oa «li@» It rests £iffii©41ii"fcsly mp^a 
Haasea till, t&© apper f®a?ti©a of tfelefe tos w©atiier©t t© 
gtrntoutll* fli.© laess is Peoriaa in a§©, fii# s#il of tlii® 
ajp©a is tk© "Mm. Silt loam,. .Sampl# ISlii^  of si»ilar 
pydperti©s fr® tfe# @agia©#f*s #tam%o-tat ami «fel<ili d©#ii a®!; 
:Oaiis@ tfotible la t&e smb^ai©., is ef e ©©siposite seotioa, 5 
to 11 f©®t. 4eep taksa 0ass lomm (S* 4 » 
f» f7 1., 1* 27 fl«)» ffce »t.ei!l,al la te>im M&-m, mottled 
idtb gray mA wlt^  ©seasioaal irc»a-@talm«t -Tliis 
mtmt&l. lim l®t tmt atocw© a «Ii©©«lst®-teom gmti©-til# 
fii@ age of tli« lm@& Is Fe l^aa ami tb& gimb t^ll, fesaaa,. 
flie sell of tMs afssj alttorngk ill© e@iiiit;y is not mpp©t,> 
w&Tj likelf is tbe Ifei'shall Silt loaa# 
• initial pmSmt ms &mpm<gLtlwm Mtmmm. t&e 
mefi^ s of GmMgy as# 0Meai,styy ead si^ p#rt#d bj tlie 
a«Mieil.» TM aaalyses wert aaie • bj 
w&x^ma «a4#¥ tb« tijreetl^ a ©f I* A* WilkiMsm, m& the 
rm&i&iMg mrk m® ttsitti' ttm supmwiMim of Bar# J. f • 
I^ a&iale, 
mmmi m mTMATms 
*Bm- 'literate® t© ©lay Mm«TOls, astliMs 
applieabl© •fc6 tbeii* aad ©f tli©i.r t&flummB 
m tti© b0lia¥i©3e Qt satei'iaX® 1® of a ttTessifi®€ aat-ar«« 
t^i§l©s Mv© feo#a t^imA ia s©»l®gl©al lotiEaals, sell 
Jotis-mls, ©.©rasle, ant Jaaraale.. IMay &t tli®#® 
haw ao partia«larly @l©m© &pfli&ati©m t© th& py f^elsa at 
Ma4 €sa will m'b b® ia t&is i-sview. 
WQ-r %hm fe©a«flt ©f an.f r«a€©r liite»s%e4 ia mlmy ai.a«ral©  ^
aai ia its lit©T«fc«re wMisli ts tmt 
r«ad#]r is to tii@ of l.* l* Qrim |1©J wM lias 
r#«eatl^  fabli,s&«4 tim »st Mwewmj of literati»© 
aa4 felbli©;graiJx|' to fiat®# 
% t© al»ii^  tfe© la«t tm y&&m iala@»l®gi.0'fea immgnim-M. 
•me &My miM&mX.^  fcaelia or teQlMit©*. fi® last 
of Basa -^s »aml' @f MMmmlGgyg a isiA l^y 
staatar-ilg«€ text, lists tbtm mm elay Mtaeral. HtMa tla© 
l@st t«a y&ms kawledg® of tli# aiaemls ®«pQslag 
»ilS|, elays, ami l#®«s »t-®ylals Ms ia©y©as®4 msy foM* 
#laF aiaeyalofj i® jooag «»i lias all t&® prefflstis® of 
ymt^ rn f3?©s«at fey ae seaaa QmpMte aat ia tli« 
stiH ftjrtfaer Awel^ iaeats ®aii l>» 
ate a«wi#f»iit ©f a®w of, stttiy aad 
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•im Q im 
ws If |3i| as %hm f@fri§ 
mt safes®^w»t $Mwmm%lg&%imB hf 
fXf I as€ @r«a« |;14| M*» slum t&at s©strefait# is 
«l«s©lr st^ a t^urmllyj t© aM 
fealo^s t&ls; grd^ ©f ©Mf sia#mls m%h@T ttmm to tfe© 
feolia 
af^ ite* -a® y i^aiag. sMb« &t tki» *§ first 
elearlj t®so3?lfe«i bf feMek# C2t| im @@Bs®9tioa with. a. sttiiy 
Gf tJb# l»»f atadi®# #f tMs 
M.m©m3. i^ TOal®# a fatt«3p» #f a Mfetrisl l,sw®r--
ftoems- *4til seat^ i^liOBl-te, ,f«siag amt »®tf®r4 (SJ aXa® 
tfe.# iscMi^ fcoiis relatica #f tWs Mgto 
0#st@at @lay* 
®i® last ©f aisignli tla,% is ,r»«i©.gais#a &% 
thB pr®s«at tia# is ,tll,it« gr-©at &»yous •mTkmrn 
Mfm- W.m ommrmMm mt a alMf w^mmX* 
g3.i»srt«i, a:si fl| &m aasis 
Mt# hmm glfSB tMs .aa%#rlai* Xa ISSf i-ria mat Ms 
^Qrn'mTkmB tli# "»«#•, lilitt'ik fir tM.a 
sfesifi^ aXly a gr@ap -s^* «»i »itli iffii@»taa4iag tMt 
as data •mmT& hj wmxlmmm &m-u It ibe ©sab-. 
A.i¥ia®€ tat# mm timu mm aiaoraX* m #¥it@a@e, 
Sri® ant Sura-toy |ia| t#serife@t a tlar fr« tl© -^ ^s@ laJfe# 
ifi Xlltsels wMl@k l^eags t® tMs .groiif y©t 
ifeos© tiff« Mffig^ at oiftlmri.ly 
€S»©lat.#d with so-*eaMM slay W 
ia#iag t#m,, iliit®# fmrtfeey mmfmimk la a«#ii)a3i&» 
t,mm win be awM i^ asfi. m% tli® s«b© it «tll affoM 
« «««§a aaa# f» flE® sS«-Mfe« almj alm^rais. 
Us.® a^plitatios ®f elay sia r^al#  ^ft© of 
tfp© imml% ^,tii  ia this fai«:r ms fli 'st gtigge-st^i.  Ixf 
wmM Qt &ihlMW aafi &iM t5'|» fiie of tto# -iSMy 
aiaeral, emstita-tiea M w.rio«s sat®alals aai tli#lr 
•ph.fBi.ml |a'©f«ti#s Is *4® aad s®iM apfar«mt 
tbat ab®«,t ©lay aimeml® aat 
t&#ir is ssffleie-st to warmat iavestigati^ as 
#f a praetijiMi 
* 
of .yfayal#al 
fr©|.tet,. as m-t mp, ms ia ««aJm8tioa 
t^li Si®. 1@!« Sifcate S^b*? aesnissies witu «#op«i?a-
t%m «f .Sr»- !.-• W. i®o4. Sr# ffoet #tes# tte- t«© .samfl#s. ts 
fee staiiM aft#y mlisg. a oawfal &capa?is0s of ti# pliysieal 
frete.rti#s. #f b«Ma¥i©3P is smlsg^a## Tai-iiia#-
fw sa^.l#s w#» tiimlXj rnhmm asd staajtafilssi, 
way lato®rat#3Pj t #s%s ,sitaw®4 %^«. -fc© fe# glsllar,. Si«## 
ts'sts XmXm&m mm^MimX. mm&%wat& hy aiaflag ant hy tlie 
®®tii@t ii| mi. %hm 4#t«niSiMM©s &t 
trntmrn  ^ €#asltf» mlMtmrn aat p.lastl®itj» 
A .fras11#mtS.os m aeefeaai#sl aaslysl® Qf ©f 
t&is mtw# is @s.s®atiial f©r « sttitf %km &t 
ass-eftalalsig tiie slMasiQgieal lSi« fraetiom-
tloa las -feter## mis 
1« TQ- #fetaiit aa l4#a &t t&t sis® grai.# 4i.stritett«ii 
©.f fai*tleX«s la tM e©3J.#itel ilmB 
thm ai.0»».| x®ag®s-* 
* IZ 
2» f© s©pa2mt« tlie a©tlv'© fTrnttm. frm, 
%'m- relatively iae t^ ©r tt9s-®&ll©iSai. fmetiea* 
3* fo facilitate atedy, si-ray aaalysls, 
&liea£eal asalfsis, aM ljase«s:seliaage det©isiaati««is 
hj attsiapting to g©#iar# s#p«a%®s of pis'# ais«rals» 
'Stm latter poiat is teemglit Isy th® tm% tliat eeytaia 
of tk# ©lay aiaerals tsM be laore or l«ss #oB@ettt:pat#-i 
3  ^ tlie mTimm siae {4|». 
file %\m siffiplea w«ffe aeewilmg to Brs.|^ , 
Oris aat M.mr C4J, tii'tt eertaia ataptetleaa, mery ©Meawr 
ms sad© ts'eat t&e two ©ae l^y Qm 1500 grea 
s«sfle fTm. eaot Iseatioa *® prepar^ i fo-f f^ aatleaatloii 
Ijy leaeliiiig S©0 giras with IW) m* of 1 1 
aM 100# ee» ©f 0,1 H HCl, -tbes tmsMmg with 1000 m» of 
tistillet wm%&>, Tts saapl#s wer« t^ ea s f^mrmtei 1st© two 
paifts. bj g®dim©statioii fsae trmtlQm e^atftialag all tlics© 
partiel«s greater tlaaa mm aieroa la diam«t@r^  called t-b® 
residtie, aat oae fs-aetiom ©©ataialiig all tMsm partial«s 
less tiiaa oae sierra,. tM ©olleiial fraetioal# This was 
effeetet the smm l^m ia tw -pai-ts and Sisp«rsiag 
eaek sart- i» a w&Tf ?#©»! IS4US .s#ltittoa. |S #0» of e®ae.» 
la IMQ mm Qt ilstillsa wat©r|* laoli .sttsp@iisi<»a ws 
sli.akii» aa-maally for fire mlwrntmrn ia ti* littf feettles., -allcm i^ 
to steat tm B4 Mum ami t©f ©Iglit seatiaetei's tii©a 
sipli0ii©t off. ais tJi© eoll©li«l a'aotiaa aM. 
til© r«ilaiBg mnsMtuted tbm ®i© bottles 
©®B%a-tsdng, tMm mmi&m w«r© •sgaia flllieNt mf t© tli®-
Xmw^X tii© 11^®S mXmttm. ami tli® f«feat®d». 
f&is- *s t©» a 'total, ef ftS & mttX tite 
a i^iali mt sslids feelmg ©©lis©t®i f« mmM la tfe® ^©•©IMiial 
sm.sp#msl#m wm Xmm t&aa #.«S c»f #a© p®3P #.«% of tli« ®i€giiaai 
•ss^l® Alltnet sf 10© ©»«.# w«"® 'as#A fm 
tmtMrn 
*Sm m-mlX'O^XMX s#parat© *s thm. *iitli a 
-gfeajepl#.® si^ ©»«trifmg.# tte®© f3?a«tl.msi tte ««rs# 
partitl## a|>pr@ximtely 1 %m 0»i nt^ Tm, la 4ia»t«,r 
t&# tXm §,X 0.«#S attt tfe® 
all tl#s© Xmm tMa O.'Si mleitms Is ^mm'^Ww. Tbm 
t3ta^®« •00ll0lAaX I5ra#ti®aa aat the mm eir 4rl®i aa4 
welgli©4, 
0heat0al &mkXjwi.B 
-Slisiisal. mmXf&mm mm mi-# #-f Iti® i^giial .samples 
feefoar# tii© iisp^rsiosi trsatamt- «ma fraetlenatim mA &t 
mmh Qt thm tmsr fraetioimtmi tte 
0.mm-m th« ttam ma€ tfa® ©oUteldl 
Staiidaril-:a«€ 5ro#«Sar®s wef# iis#4 tkrottgte'ttt. Sfei.© wmtk. 
'mm i#a# fej Q«sa#y a.ai. Sag mt®r i.l3'e$ti©a of Br#- f# A# 
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fto m«6€ ®-f m FMiif® tub# 
*£tli f@SA m€$,m%tm mA is te@w» as a oiroolay 
6aa@a-t .lai-ssi^ es wmsi,m& tmm sis t@ %mm Mms^ tm- mf 
thm tmsttmm.^ ; t^ e fl»s- e#3.i.#i4 «f ISM asi 
TOp©3rfis» &t ms^lm M-tit *w@ frmtmi. witfci 
f f |  t o  Am %hm. fr«s#ae# &f tti# smte©?!!* 
l#attt tyf© «f w&«  ^feg#am» &t tto Ms© at the 
sig f^ieaat ®M &t %h® ftljig, 1% ws laf©s«iisi# %o t©jPL 
'^mmrnw m mat tfeis &'QW a# larg# ©j-gmale 
»l#§mi#s @p»aa tii«. lat-ti#® ©£ %tm aat a©m» 
s©%m®3itily g# @Mag« of its »st ©Itaxa t^ei'iBtiQ 
§.itfTm-%l9m. Itmrn ag t& mk® 1% mMlXj if 
pi'®seat,. l«s«l.ts w#» mS. tab«lat«4 as i Talaes 
f«ia til© t&Xl&m$MB r«l.ati0ssi 
B, s: 4i:gtaa©© ia t-mm %& 
sltil® of lis# 
? s mMm #f ©««£«., 6*S4 «• 
A s ^ai-e l«@5i A 
B/t •» & § la milafis 




^pHe&t© aampl@s mm «sli @f tli# 
fraettoa# by mtexial t@ sli#* ©oapl-©t# ami 
S*@41at« i'#aatl©s« 0«r# "mm t%m& m% to pcwi«r s© 
vlg©ir0ttsl|' as t0 i®B'tD0.y t&« srlgimal paj'%i©i© s-i2«» fliret 
gra® ample® mt tlie msMum fra«t£#B w«y® i.s#i,j ^ams 
#f tMe o«r^ e aa€ oae ^aa ®a@li of tiis fine and 
eellQits, a# saisfles wsfa seatMfi^ eA 
five times mltk 1 1 SmfQ^gigJgt msli@€ fi¥e ti»fi wit& 
f# 06St aleoMJ,. as€ again mmtwltrngsd fiv® tl»@.s witli 
neutral 1 1 fifty w« of mQh r#ag©at mm 
fea l^i t3?«at»Bt* All ©f the mp«rmtaat liquM 
from eaefe €if tii-# last fiv© traatiwats ms savisia aa4 ealelisi 
.€et©imim©«i Toltisetrisally* 
Mtsmlaatioa mi sinSiml 
Si® fliifsital hf tfc© Mgkw&y 
latoeratd^T* r@¥@al littl© Uttm^mrn hmtmmm tiie t» 
samples* l^ bl# I gives %hm »smlts of testa# f&e 
a®st aigsifieaat mriatloaa are tfe« aoistiire ©outsat aad 
tli© pla.sti$ity» la betk.* it is m I^© mmihmw 1316 l^eti 
la lii^ * fMs Mil hm -aissii^ gfta later* 
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XX tls- fi?a#tl®sti«m m 
mmhmimX ssMXym-m by .®i€Sa»stati©a aaA seatki'ifmgal 
1S» gif©a sif@ al.,1 im aa alif-4ty basis* 
Sit si«tMrity tb# %w© is stritt:ag» 
'Si«« iias b#®a- aa !»•»««» £m t^tal mllmtMl mnt«ut 
&t ss^lts mvm t&st thm Mglfmy 
%alj«rat®iej-.' mw%e- ItSS .sitsw a gr#a.ti©.^ less label®^ aat 
t© ©ittei- iessM  ^« .•feamtU.ss*- MM tkm €»tiat ia 
JtesCHi^  mM 1^ ' sa». ,im isstam®## mm& 
Mall.^  %h& t^rntms fey ISiS is ®aas©€ 
las-gtly W 
gligad.ea3. aaaiygjg 
1&® #l«iai-sal aaaiyses #f 'fiii# fewik »apl©s ast ©f ©aelfe 
Qt sefs^a-fcas mm pm&mtmd is 
III#. sigiiifi#:amt- p>ists ©tit hy th» &kmiml 
mmXjmM mm$ 
!• Bi# i:tt0r«a®« la aai&mt «f ailim is t-l®. 
.featti® mm tM MiM m^lMm 
B* f&@ graitial. det^ a#® is tiii-ea as tit© pmrtiel® s±m 
tiasslshsse 
S». 'Hi® #teiig«® ta tli« mmmtB @f ir«a as! ^ Imdsm 
rnmi tMir w€lAti,m tli# -ssmmt ©f silica «s Bh&m 
%j tilt sB«aats -«a#  ^ ©at fey tlie silie.®-
If -




Sasple 5 iU6 
f 
3 t i pme 
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i%,r ISGQ ^ 
t 
s.s P©r oent 
E®stdii® mfts&i •n,4S iim^m f8,4§ 
Soars® mlXoid 10S.08 f»m m,® f.5-S 
Finm oolleld snsf 2.51 S.OS 
smperfia® i04*.a© 6. §4 Sl^ Of 6.07 















1 ? { I t 1 
BilM slesidttti Stars#t flue sfill# 1 n Omrg# J fin# If la® 
6S*$f 81. tS ,^8® 4f.3i mM f§.l© 4S»6i 46»6g 
9.fS 8»7f a,»m gS^M m^m 11,86 U*3S MM 19».gS IS.Sl 
S»f4 i.ts 8.?f 4-4i 5,04 8„ti mm 10.,aj 
0.^  traee trA@« tmd« tmm %Tm% 
2#i4 0.f§ S.4f g»?E g*if urn 132 g»m 2»§S g»4i 
4,1? 0,M l.tl ItSB 1.13 - 0..?4 0*^7 0r4S 0.4$ 
g«Si. §3 i.ff I.IS 1,64 l.SS 2.$a 1,80 1»71 i.a8 
l».ii l,8f l.Sf l»4f o»s« 1,S8 2,45 g.SS 1»7S im 
o»ia Q.ef las ©•fi ®,a 0»M 0»6S 0*tf Q*m 0.31., 
oao- 0.04 Q.14 o»0i §•§6 0,21- 0.04 ea? 0.17 l»S§  ^
4.§1 • • • « « » « * « • t • * * « « * Q,2B.- • * # # # • * « « # • • * •. # • • t # • 
0»CIS 0«01 o.ot O*0S o,ot 0,0i oai 0-.17 0*07 0,.t3 
2*  ^ i,6t Bt 44; 10,3© B,m s,ia 7,gS S i^S t,r4 
i.6S # » • « t g*f9 i.li 3,91 B.,fO # « » * * 4* Si 5 *-£9 7,9f 
3,41** 
IQl*  ^ 101*0E 10-3 » 70 10E.70 101.gl 98 f^l. 101.1^  101«79 Mi.ea 1©0*.5S 












• iisalyses by Swraey and SiBg df Io«a Stat© doling©» 
** Oil txm. 0©atTifmg©» 
It Is kl^ & ia t&« 
mMm @t IS1&» 
4# iai#re is- « fwtsatag® ®f mr'km&'^  
%m saapi® IISS*, 25its I# sls«, toy t-&® ©f 
#2li-e asi #arfeoa €Jl)0xl4## 
S» fto® titaaiw ®^-4s t®mis tm #oa#@iitat«a ia %h® 
mmm%- mKX'&ii, fifactiaa ,ia msm l^m* iM-s 
©msBOt b© .a#@©wfr®€ tm m% '&M pmmmt tSm#. 
Is^mT a»alysis 
Sie x*^Ta.t ^%%mwsm #fetaia®4 air© s^Qwa in flat© t aM 
PMt« II. dif#raett«s Ms«# »« -faltt faiat 
ant mmsmqm&tlT s&dw iw&li ta r#fr©:4ii©tiea.». 13i# 
pogitlos asfi of liaes for any 
ar® mrkM*. febls If gi*#® tli® #al©mlatet t mlvmm 
ia l3agst:^ m mitg aad %km imtensity* Bio#® lla©s 
mm eXaj &m aet t# eo-BsM@»i iiagaostis ©f any 
partiealair slay aJLaeml* 
'I^ # limb©!' mm la t&©- f is# t»m%%m of 
s«ip3l# XiJkft a»i. t&e sm^«fim© ar-e 
asrkM Siis is. to® to tii©. has® Idiat ©M 
©f tb® f.lla.», fh»» t*© sa .^ies..,, as »atl«ia#i. in tlw 
mmm Im a s l^mtlea #f B-Bmp^yiaaiBe a»i 
agaia Xa betli «s#« m-tmwsliioBaltl-® fr.fts«a6e 
©f *s a©-t#t. 
Ml© I?*—n-my 
« 9 • « * 
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1 S • f i t MoBteorillcJait# 
B 'S •f ff M a M 9m Illit© 
3 w w m w. f f.Si .^olialt# 
4 W..W. w * 1*W. w W 4.f4 Illit©, B* qmrte 
5 s S " B s s S' 4,4i alay** 
6 s w.lf*. 8 w.t. 4.tf 
f w H w s*,si Ikoliaite 
S s»s« s s»s» s Q,m:rtZjj Illit© 
i 8 K S»99 •Oalsit© 
10 S a S g s s g*5S Olaj** 
XL 3 E qisarts 
IE M 1 Qimrts 
w W S-.B4 Qmyta • 
s S £•12 ^mstz-
15 M w*w* 1 W.W-. i*m Illite 
16 3 s 1.81 Quartz-
17 t w W w w s I.*i-S Slay** 
18 S s 1,03 
19 B s 0 s s s urn eiay** 
a© S s urn 
* Observed iat#iasiti®B 
S.S.,. Z mtf strong 
S ~ Btsmg, 
M s M©tS« 
W • s W#sfe' 
W*W». s Wexf m@k 
lot €iagii#stie any partie\ilar ®lar almml. 
of I 
laoli @f lints m®& t© imiieat« tli© 
§mMmm mt m ^Mmml Is iMteatM aai sasberM# ®i«8® 
Bt^ «s <i®3rr#^ oM to m r^n- ©f the a^leuiated MM IE 
rntel# If» 
Si# Mst T©pi^ im0ti©as »fr«s@at is-sraf 4iffya«tioa 
-prntMrns &t tk0 smm saf#rfise» asi a.3P« 
ifi«iiti#al Mtto. ®»#pti©s lis® ©»• ads lis®, 
ttet la th» Xmt p&ttmm  ^ i.B fiJi# t& »»taorili@alt@ 
aat Ms beaa Wea^ lJ- #mt  ^ tb@ B«Maf$^ laaiae tr«ata©at 
Itt 'tie tefij ti;«sis* 
-  2 4  -
I. Coarse Colloid Fraction 
II* Fine Colloid Fraction 
III. Superfine Colloid Fraction 
I¥. Superfine Colloid Fraction with B-Napthylamine 
Plate I. X-ray Diffraction Patterns of Sample 1263 
0f flat# M 
.Haea •«»#€ t© tsaieate tit© 
••ptmmm ®f a ulawal ia litSi«at®i ast fb®#© 
umhmm ts tfe#s© ©f %M oalealate€ 4a te ta 
*mhU m* 
fliS' -s#$©M sM last »fr#4tts%i©iis i?epr»3«jit x»mj 
SiffyaeM  ^fatt®yas ©f tl» sass fra^ tiea, t&s flae 
ss4 a2r« witfe tibe- .o.f lis© en®, 
IMs i.4a% tliat iiiows is tli« last ts t# 
K»at»i?tll®mit® «st Ms ¥e#m "brett^ it #ttt tii# -i-Saptlyia' 
sia® treateimt i«serifc€i ta tl# fe#iy of tb« tliesis* 
-  2 6  -
I. Coarse Colloid Fraction 
II. Fine Colloid Fraction 
III. Superfine Colloid Fraction 
17. Fine Colloid Fraction v/itii B-Napthylamine 
Plate II. X-ray Diffraction Patterns of Saraple 1316 
tf » 
l&e I'e.salts MkQw s ief-laits- taaieaey fm thm aeataoril-
leaite tjp® of «iay siaeml te hm pr@i'«iaamt la staple 1316 
ssA tm- and tesiiaite in ©asisls iSiS-. qmrtm |5© »^ 
sist#4 tferoiigH t© tUs flae mil&M in AimimiMkiBg 
mimmta hut %& tlie smp«sftes 
4.eteigimticiaa 
!fel>la T 0«tttalas t.tie r«e«l.ts ot tUm 
4#%e»iBstioas-» fto gi?@at is ttts l®.s@-«s:#liaii§@ 
flsapaeity t5-8tw@@n tie o©ll#i-€al aat ao-B-e®ll©l€al frastioms 
is BtTiklu^ * Bup&wSlm mll&M of sai^ le 1S16 lias a 
rmmrlmbls'. tigh. mla© 4^«li ma he am-omt0& fsr cfalj hj 
a pm4md.mme ©f aoatM&yilI®iiit«» 
fabi© T*'*-W'fcaX l®s#-22§li«iig© €a.pa#ity 
l^ y«ss«€ as MlilisfSifml»Bts 
f€3r 100 'S-rass a#ll»l€ 
4 « 1 00a'f'» t mm i 
1 t s 1 eolii&i..d 
Ssaple ISiS 6.W -^ •.30 m^zs ft •OS 
Saspl® 131ft IS^M m*m • i§*,24 
Im •©M«r 0.i»apl«t©ly iffiilerst&afi tlie alisve restilt® 
uM tii®ii' slgmlfiesa#© aa r«:gsMs tto »lB©ralogl0sl mm-* 
pmitiom of t&@ tw «g®p.l#s, til# t&llfmlmg pmmmt&Mm of 
resalts is glf©a t^ m th& ©f tli© faifioas fra©-* 
t-iesa ©f &f tiit ffe© optical iato ar© al®# 
ff#.e€at®i i» %hmm0 
mml.® Mig 
R#gia^ » 3f®t^ s»ii%li^  iiff^ eat pa^ tieis 
aiss# mm s®parats4 fsfls mis feaetto hf s«€im#ststoB» 
s^#a.rs®st ©f tleee., witli psrtioies larg#^  tMa tea 
TOataiMft i§ feir #®st sagmMr smarts» a tm KM3k 
fea^ snts.,^  s®M limcmit© aM mms«#¥it@» fli© tm .^tim, s®a^  
talEiag partieliss ftm mmA t« al#«iaB In m±m 
mut&tmmi, f§ per ©est «^as'ts« fli® »gt was mislj 
H»sit# and miise#¥it#* B#t*e#a tfe»-© ftsi tt-wm mieroiis t&@ 
as0B»t of iparte abemt SQ- ptf mn.% aat 
amoimt <af ai®a immrnrn^ m- A few fra^ eat# of teQllsit® wt» 
als0 fsm4 in tM-s ram .^. "Om frs.#ti©a eemtaiaiag 
parti«l#s rsagli^  mm aM t^ ee-attr©  ^©sataiaet 
til# saat a»iiiit t^ rts aad aiea a® tli# pM#®€iag ©a# 
aM a greater mmm.t ©f fUe Mill bas«» 
t»tesg# eafaeitf ttii# recite# ffa-eti©n iatieat«# 
a M-gli i«gr#e ©f a«pgifati®ii bf tb# s#4iaaatetlQa process ami 
«ioa®®<jttently a g@a#rsl lask @f slay aiaerais* 
eicfeyag &<iIlQi4 fraeti©»» %tisal ©miiioatloa of aii§^  
fraetl^ a r©-f®6l©€ ag^ i^ teg whos© im4is#s of r^ fraeUiicm 
raas«4 frm 1#-S$t to l*Jf4* So aggr«^ t#s t-©tild b« obMiaed 
wltli as orleatatioa g^ ifft^ ieatly •p&vtmt t© ylelA aatiti©aai 
afesmt tli« ©ptteal Sts x-^ i-aj 
iiff3m©tt©a patt«xm nf tMs f^ aistt^ K siisowsd ii©€#mt©ly 
®t»ag Qf illit©,. tesltoit©.j| «aieit®i aM Ilass 
q«rt2«. '*Skmm a immmse ia t&e-
sxceMj^© ia^ ictating a esuoenfcratieii of tlia clay 
i^iepals#- flm mmmlfsms aiggest tfest 'l^ is ia 0»-
p©g#4 lafgeli' ®f tesltsite, illlt#, aat eaiait#, 
fiBS eQlXeM Wm- iadiees of t&« aggr^ gat©# 
r-asget X»5SS t© l,,St'4». J^ r#gat-©a ©f mlmmt perfect 
0ri«ate«ioa aai sMowi,iig istt^ feres©© figures tier© 
QOisaftii.* aiasral of tii@ ag^ eg»t«s iwa biaxial., aegatit©, 
aaS t? *s atettt S XMi©#® of e^ffastioa f&r tiios« 
a.g^ ®sa:t-0,s sc a > 2 i»S84. St# a>3raj 
TmmM'4. lis®® ©f illits ami -weal: 
IXmB &t teQlimit® ajat tmrts. Sliesti^ al aaaijsls &h(m@§. 
XmmB SiGg aa4 «» JjlgOg thmn th^ ##ars© ©©lloM fsraetioa* 
ais Is attritett-i t© a «all« a»iiiit ©f *&j&- &»* 
l>ls@4 iata shew %Mt thirn is ee^ ©s©ii #f illlte witft 
Mtil ammmtB #f &a©l£aite asA tag-rtz* 
tetleit 4 la:i'g® iimfeeif ©f well 
@ri<iat«# ag^ e^ .t#s «s s#@iajf©i. whm&m isdiees ©f refraotioa 
raa-g#i. fr©» l,«SM  ^t© i*,§f4» fli© hmm% ag^ egates w©f« 
biaxialsegati^ e, M a -fiT# fi«.©p»s., '=c » l.».5S4,. > « 
x^ mj 41f&a©ti« pittetm sk«@d 'a©€«i*ately l.ia#s 
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sefara-tiOB am4 m@s-«»«©il»i4al aate^ ials* 
'Sii-s was «ls# tra® #f tb« rssifiu# ts&Q%im. of saa^ it J.365# 
Gm^m im&tim* fb® x-raj pattern 
&t tMs tsmtim. s&«3wM .s©4#»t®ly gtmag. lia©s ©f »at* 
»rlll0alt@ ais4 smi©tt©,» gtipesg liii#s ©f t«aFt2, am4 w#al: 
M»©s- -of lllit# mat iBftllait©, IMtees Qf msg«€ 
fmm i«S3© t« l»,58i» ftata 0«iiM a©t b# 
b^ «aas:© of t&« «sl@at«tipii. 'Sm ©vitoas©, 
ftlilsflj M&lmtmw %M% %hlm fradtisa ta 
«®s#iitiallj <jf Kistas-^ ill^ aite,, aai ©ei©lt», 
flag Optical .©maiaatioa s&ow®4 
indie'ts €».f wfrasttem -ratyisg ft»i 1»540 tft l»5f3 sai tft# 
foll®«ias •alm»g wtr# 9%tain®d fye® aaai' aggr^ satss Miriag 
g©o4 iEt©yf€»ae© figiirsss teiaal^ al,. s#gatlT© si^ ». £? 
ab©at 10 t®©e«#St <=c s l,.S4g,f > s l.Sit# fli# p©w4«r x*-r@.|" 
4lffra#ti©a fatt#rii r®*©al@4 a ta#S'tl©Mb|.« lla® ®f a@iit-
MirilloaSt# aai w#a.k lifie.s of fcaoliait®, .aa€ taarta. 
Th& x-faf patt@im 3mmm§. &t%m "fewa^ a^t of tb© imperial 
wl.tb BHiaptlylaaia© miAstakaMa -psmmm ©f 
iate istiaate tliat tMi 
f»©.ti0a is ©ssestially a six:t«r© uf aoatia^i'illeait©!,, illit#^ 
teoliait© jf aai" 
gi^ #gfine e#13.»ia firii.st|#m.» fl« x-my diffraetioB 
pattern of tkla tm-QtMn shmm  ^ m Btmme, Ha® of neatsoyil-
1#ii4j&® aad a weak lis® illitis.. S»- ©f r^ f^ aetiom 
* 
ftw m fM& bmttm mtmtm4 aggyegat#® 
•^vm M&xisl Mtmf0rmm figiir©B^ sign, ST 
frm W to Z§ iegr®«s,., «: s >- s l#0f8* fli« fea®©--
#seliaage ssfaslty t&la was t5«S4 
leats fer 100 g:ra»s.^ tini ,ligli©st «i» asi @ae 
Miat #aa ©iiiy b# fey a Isrg# a»mt meat-
Si® iata iaiitate tMs' 
f#s»d sliiifiy ©f M©ateirlll#aite wit& a mall a»mt of 
•». iS-
•fh# r^steal pi?^ ®rtl.©s #f tl# %m- *te^ ials miei? 
ms 4®t#iaS.B@.i hy %M hk^ m.j taM&mtmry tlromglt tife© 
mw Qt steBiaf'iizet mX'e s® mSmil&T tiiat it is 
iai©ssiljl« to fe©twtt#a t&«, fall® 1* As-
out fr©*fiemsl|' til© aa4 fl«stl©ltj 
of -samfi® ISli is .gmmtmit t3mm Mm§le l^,s 
toe, e^ ®et-M if, tm ©Masfl©, sample ISM 80BtaiH#t 
a pr®4®alimii©« &i »tt1®ea'ill«tal-t#« Hetfe-ef ©y a©t this 
&iff©»jie® is sigalfle-aat -s^ alt -depeat c^a m sttt% of 
may mer® s«F-i®s sl^ laip t© t^ es#» 
fra®tl-©sati#a @f «tp]Fials hf s#ii»»tati©a ami a 
imt© Aiffef'emt sise also 
fails tm mm&l as^  slgaltlnant ia aitdSita of ti.® 
several grMm sl-ses,. faM© XI. Ae-mMimgljf it is S^ .0Bsil^ l« 
to forea-ast %b» hmhrnwim &t ihmsm Mt®3eial.s hf a e-«^ a.rls0ii 
»f tlslr m%X&M&X s©ateat, altto-tifik It i® well kimm. %h&% 
Im amm iu tk® mmm.t of ©«ll©i4al 
Mtt-flal -©SB te r@gftr4®€ m beliig tiag3a#is.ti©« ffet 
m&tmt&Xm a M=rg« p#r<i-®Btage mlX&M&l partiole-s. 
•feelja¥@ tiff«re:»tlF fr« ©<ataia aegllgtbl® 
Thm ©f li»a©liisg ppMes® pM-asiiid 
tli® dlBperstdii Qt %hm aam|)lirs ms 
* S''4 
2MM a©®tl© -aat My4i^ eW.©rl© 
asits.# whmms ®aafl» lili gaw iira^ tieallr n© 
fMs He $a tto- mThmm.%m ®f 
tlie tw# mtwials ast is al-s© siitotaiitiatsi. hj tk^ $ b^^ miml 
mmaljBm ®f tli# bull mA mlMlA&l saaflts* It alao 
ae©0«its t^ r the larger Iset ia tfe# pfos®## 
Im saapl® lE6g>, 
mtM tte s»tiwsMtl#a by ©mtrlfagai 
mtlm- pmrnmrnm aast at mmm arbitras'j ea4 foiat* 
Is l^il§. wmk %&# separatism of tli# eelletiial ®afi Bm-
osllftltal fra#ti@ms w« st«i>p®4 mMu %hm mmM% Qf #©ll©i€lal 
»%©?!«! fe®lag: »li®#'t@€ pm «®®te was i0«s %Mm O.S 
.©t tb© ©I'igS.siil St© e@at:rlftig© 6f®rati#as 
w«e stopf#4 f« ea#^  f:ra0tlQB #^a tli® f]K» a 
givsa 4isp«f'si#a #oiitals@i Imms tfeas ##g f#? ©f tli© 
osigtaal saaplft w®lgM» If gs» wre t© tew a owr© plottls^  
tlie mmmnt mm-wmw&i. tfe# «rigi»al eanple *®igkt.,. it 
weiilt tlmt%m poTOeffelfely bmt mrlm a «^ l^et® 
#atp#tat.» It sMtili pessifel© Wm t® mmtiMxi® 
setisa -m a slay s«^ ®iisl©s to a foiat mhmm m«©Mal@al. 
teeaMOfJii ©f til© partlslsB mmld always allow soa® 
parti§l#^ .s t# fe© s®faat©t« 
•a® of tli® ©k^ eal, #pti©al,, 
s»ray» a»4 Ms#««x@liaag« static# as ms&& ©f i0t#»ijalag 
Qlmj Ma«ralE 4©f©afts eiitl»lf 6a t&e 1©^®# t&at tha TOM.#ms 
m 
MmmmXm Mm If e@3rtaiii ©f mm #laj 
mlmmM Mr® m Imms mim^m.%m%^^ ia @© -^taia mim-
%hm %hm mmlfmmm mt tfeat fraetim ^siA 
to amairses #f fwr# sta«ral* ^S.m 
m0%mllf Mf perns lias hem fey Syia |4|. Xf -ai® ms 
met ms mmm %&« or efearsstefi.s'fcias of %Um t^ mtim 
wttld a#t b© tliose #f asy siiigl® #3l«y 
tet wKilfi he tlie ©©mfelasig r#sisltaBt «liaMet©®istl#s ©f 
fl# ©laaiesl of all #f tM ulaf mlatralaj 
aa la @3fis*s -mtk flOl.t: tJet., eh«i#all|r, 
t&€ ©lay aia®raiii fiiff®!" ¥«i»y littl#,. Tim I^ftmmmm ig 
©© slight as t# Mk# eliOTieal aaalyg#s, al@»% praetisalli' 
Tsla.@l##s as a Mams ©f slBsral^ gteal mm» 
pmtttm mleas #ss is pftgitlt# is wsrttmg. pip® 
ala#]ra,ls« MmmeTf. efegsisal mmlym&B mli 
whea «s#i *i:tl otMr s@tli#is #f aaaifsis. 
Ttm larg# si®#»as« Sji silica tmm t2i« balk sa l^e to 
tb# &mrB0 mXMXd asM tM .grataal i©«#as-e as tk© sim© &t 
the i# esus#€ hy m €«e3P®as® la tfe# mmm,t 
#f ttis is als# sii©wsi by tti@ x-^ ray dlffractlQH 
fa.t'fe.era.s, As is »r« »slstaat t« watJi^ risg aat 
.»©0Miils-al torsaMwa t&aa of iilaj Mlnofals mu& fio®s 
mot t®M td wimW.&T to sm©b «all partiel#®, this Is t# to# 
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lag t© tli© pyesea©:® &t fiartz is all fsastiimg tet thm 
st^ ikiag dlff63r#iiii« t&# bas©-«©xoiiafig#-
©apasity of %Mm ealJl^ iisl as4 apii*«0Hsidal fraction.® earn 
Q&lf b© © I^aia®4 liy a ses^ ayatively i^ t sefamtiom.,, fJit 
t6tal bas©-®xo&aag# mpmitj of all ©f #©U»i4al 
fraetioas is aotab]^  hl^  aai proteMr iBfiieatts tla® 
preseao© of mmm »s'ls.©i'ill©sltie tMaa tim otlier data sug­
gest. Qf ga4 ©ptl»l #©isstaiits 
d®te:®liie4 f©r ttie siip«rflae ef ©aaple 1315 smfe-
gtiistlate tbs a<5B«iiisio» feliat tli© Mgl toas#»§»feaiig@ 
sf tMs f»®tioa mM oalf fee a##oaal;©€ f©f by a large amoaat 
sf miiata«3fiil«iiit©* 
aaalftissl ir#suits sla&w t^ st tfe« two ©asplss lifter 
la tl# of tla@lx 0lay miaaral ».ateat, 1316 feelag 
up ®ss©atlallf of »&Bts@ i^lloal.ts saspl® ises 
amtaiss illita ami teoiinit# as Its pi'iaulpal clay aiasMl 
s©aatitm©iits» f&e la t&e «liaraet©?'istie 
hnMrim Qt tfcsse slay siae^ Is, meatB j^rillaalts^ ji illlte, 
aad kasllait© ®0*ild leafi mm t-o stt,sp«®t tliat aate^ ial 
oonteiaias aoatao^ illoait-© in. Ia3f.g.«r a»i£Rts woala h&h&wm 
poorly Is tit© safegmtes mt %h» lit tlil-s 
sitaatioa tH© r#¥®£s@ is trtt® aai tii® iii6ato@rlll©ait#-
beaxiag mtei-ial foims thm Mtt©r smfegi'aAe. Aa#te©i' #©adi-. 
ti0a mast be tak» Isto ©#ssMeratt#a# 4 stm4y ©f t.&© 
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apoa is tidt msk,* Agaia a strndy #f »r# 
Bs^Xm ^11 mm&l m imt t&is i i f f«jr©»© in 
sfe#ald b© sigmifleaat* 
1# At tim® it is t@ fretiet tli# 
'h®imvimw ef smte^ ats «t©rtal,s tmm a tit® 
fMysieal m is, tli« M^wjr 
la^ 3rat^ y, 
E» hj s@ii*at«tA®a m 
late s#f®rai Mftm&nt BSmti mlMtS&l 
fail#i to mrm&l mmy sigaifl@aiit ASStmmmm M mm&tmtB 
&f til® ,s#f«ral gfal# s.iaes» 
§.» laalftieal aetlioigjf h^maiml, :s-r«y,, oftioal#, aat 
feas©-«3:9-Mag© iMw tMt tli@ ®ampl©,g 4irf« is tli« 
sat®© «f elAF sis®ral ©^mtest, 1316 feeiag m4# 
sp @.ss«a,tl6lly ©f »stii©»il.iomS.t6, wia^ rms sample 1363 
@©Btaliis lllit^  aafi &a©ll»£t® a,s its pflssipal elaj 
alii@»l tOBstittt-ga-ls*, 
4* ISie fi#14 r©l-sti#as &t t&e %tm Baterlals .itiidlM &m 
smb. as t# ©bsotiro asy Im tfe© b«imfl©r 
til© lat^ i'lals %imt- algli-b be 4a# t© a iiffsreffij© la ©lay 
miasyal aosteat*, 
0* Higb-war eaglaews Bkaul^. %mkm iat^ #di©:i4©ra%ioa 
fQssiblllfcy ©f 4iff«i'em«©s of belisTio-y teelBg 4a@ to 
mtaeral partioala.rif of the colloidal 
f^ elilos® aa€ pesitioas &t aat^ rials 
tlef plan t# mss is tMe stibgrat^ s @f iroa-a.s.» 
m-
i.«. tasts ifabl© I.| &» ali^ glitiy MgiMP for 
ti# sj@!Bta&:rt3l2.©ai,fc«-l>@arteg mt©rlal «-M a «f 
s»® mt^ ials ^UU.. »¥®al t&afe tJfeis 
,si0nli b© sig^ fl#ast» 
?• ISt© f#s«ibili%y 9t miMg thm great tlfis tli® 
'bas@-#x«teag.@ ©aia^ lti- %®tw®#a tJii® eoll^ Mal aM mea* 
tTm^mm -m a ei'itsrisa <sf tfit© fiirftetiOB mt 
of tliss® fi-a^ tioag Is 
8» It 1# mmmBmitj t® lieir# as may typ'#s ©f 
iata a.s p&mBthlm $m ©ria-r to iftfctniias tM slay slaeral 
•mm%l%m.m%B mt mt tkts aa%ar«. 
*• * 
1# %e tlies® wM bf tMii' 
aggistem# aat s©oy#»tisii laT« »€« tliis work f©sgltol©„ 
Timy af# ,I»rof®ss« f» l^ ssdal®., !,• M* Olias, aM 
m, -0* S* ai?|m@ of I#wa Stste Soll©g©| bjp. !• 1# Syia ami 
?!• ?• Sra41ey <if Illlaoi# Stsfe® Sl®i9loglg.al S^ w y^} 
L0 W* of tl# ls« S^ a%e ffigteray 0@Missi#a| sa4 
l^ # f* Gui'atfj^  Miss 1# Mag,» ami ir« A. lilliinsoa of 
til® B©pajetae»t ef Slesistiy, I«wa Stat© §©13l©s«« 
m * 
mtmrnm mmw-
Im- m* *** -S*0 Sm witk m 
Bttmt M&tm m l©#a* (Bml* li,. SSi-
sm* Jifst* 
to* s* Ln* Flint elay® ant Tk^S^ 
MMMmmtms* 1Sraias«, e«r* &wi* 3.4|^  3Qil*»34i-» 
M12* 
&m .ls#g€©traa:,, ant, tig#• 
Mlmeifali« sis Tmmbmtrn&mm* zmlt* Srist» SS.*-
Sl-g-i. ifSf. 
E., B@at©2it®am# Isittstflal 5@«s.. 0©lloid 
e©#., eMeag©, Illia©i0*,- IfSS#-
S* i^i|*#a0.©S| d* J*, f&it lyijr^ sftteT Mettoe€ f.©r fekiag m 
WTf M®©teai#ai Amlfsis at -S©il,s» sail sel* 
m, 2SS. lits... 
4* Mmff M*. H*,. 0fia,, S« and Kmr., P. f»,- Affllg-atida 
&i QMj SiMsml T&mhM$.qm t©' XIMM I^M QMy sBd s^-l#» 
sal* Cle#i* ma* Mm*. 4«j  I f26,-
§.* iKblaw  ^ G» I*#, sat a» !;•,,- §#»- £l-©ol®gi4al 
fielatloas^  Betwisa tfee 8sastitatt©m •&€ Seil^ atei-lalB 
sat M^way- 111. gtat« S«©i* 
«f Iii&» 43,. ll*iS«. 
i» w». w*f &mA ' Am. 0*,. Bsstoaitl® • »gn©@iw 
01ay Wlmmwml fmm QmXi£mml&* im* &a#ral» El» g^i-
£14.# I tSS* 
f.- I* !•» fli# M®0lmslm &t Cation l»liajig« i» 
til® »ata@j'ill©aitft«B@M#llit«""S&atrsait« of Glay 
soil S@i*- 4f, .1-11* l.i3i». 
e* Slsas, J*.©®®!!,. S'fcaadarAizati.^ a of Iafi»x litaite. is» 
ajRs^ al. ISg 45t--46i.» IfM, 
S» Sria, 1. I*, 1?&# Pat]pdgr&Biiift ^ StMr Clay Mae^ als -• 
A lafeofat«.iT P©t#. 4, 45.* lfS4.. 
.10* i^m,. 1*. 1».^  «f Glaf. 111. Stat© {Jeol# 
&mw*. 0ire.. S#* 4t,, ItSt* 
44 
Xkm Qrla, S«- gtgt»s ' ©f 0My" Miseral^ gr 
.to att4 ia^ t©t Stat#®# of %hm 
fifm immi mi^ mx xains-i^ i^ B insf#,. iil» stat® 
e®oi* mxt^  etm* m* 'iS, 
12..« CS"M, 1.* Si-J. ami .®r®:il-er*" W* f##'4 ®iitweiaj frim tli© 
800S# Jato, "1121"iwi.s jr#a#- m» Ger. S©«» aa, 
,l.sf-ii4. im$M 
oris, S*. 1»# U, H,, ast W» 
Mi#© ia Ar.glliit©«#as satSatats* Aa, Minimal* £2, 
ai§-S2f* JLS5f^  
M# Sniii«,. I"« w.,. S'ferm t^^ al of S©iit»nit@s 
amt Koata0iPill&ait@s* jm* WSMmrnlm S0» 4f5-4®S, 
1S1&-
JL§». B f^Maa, II», InA#!!^  S.* aat fflla_, S-», Irlstaia#txti6&« 
tus-.tma mm z^lt* tslst^ 
se,. S4©«M8, iiSS., 
M* KeXl@ff. W» ?•# I®a^ , a*;.0, am€ S* M#«. 
&t Miereig amd se^ il; 0#ll©lts tn gelation t© Orifstal 
Stru0te## 8©il mt* -ML, tSS»If4« ifSS-. 
%m.mmf -1,. S.«» asA • •^.g, Bt^ tra-feion aasi 
Qpt,%ml :Statl#g 0f .Ai.m@8sa.li -m& " 
SfiffitMt#. A»» 3"#w« mirn- IS-,. itss, 
18, iMTBmn* 1. S.*., aat l&e«r# !• B#idelllte,. a iw 
WXmmi I'cmar* ifsili..,. A@at, i@i» IS,. 4ii»46S. 
imn* 
IS.# 5. t*t I*f«' lt-S#~lxelieBge Slays* 
mm* mut, 91, ism, 
S»,i^  &m& 2,..j^  s@*' Sla^ rals &£ UIib . 
Q&p'pm Deposits* m* MM&ml*. 10, 
lt2S* 
l©sa, 0.. "S*t -asd • F.* ?• * fto la#lia MLa@Tais-# 
loiof# AS* S®r* se<J» 13» 1@1«1S®* 
Z&'m B®.ssf S* s*# f^ ll^ ralt® aafl Allepiiaa©* 
„ U* S* S. m^m ISM., 1I5-^ 14S.. ItM.. 
gS* E0S:S,,>, e* a#,., sat 1# ?»,. Mi®3?al@ #f Beatcsait®• 
«a4 E l^ateft &l&fB umA Thm$x ajsieal 3'o^ a?» 
M* 0©r» m-^ rn §•* ff-ft* ltt#» 
m-' 'lys 
S4#, mm, 0* asi Sbaaaas.,. 1* ?*, QMsideal 0<apts>®iti©a 
€M Optlaal 3"@tir» Wtsli* 
il#a4-». S«l. - IS,: !#£§•» 
Sia^ ml^ gi# laj®rns. 
S«it. trlMt* BB,. im* iStf-, 
